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STUDIES CF DISTRIBUTION AND EX=RION OF 131i
LLBU) STAMYLOCOCCAL RTUOTOZIN IN RABBITS

Mod. Dosv. Ifiorobiol. Jrqoazd Stempien
(Experimental Medicine and Microbiolog)
Va. Xviii. No. ., 1966. pp 297-305

In the last few years we observed an increase of slokness due to food
poisoning, in which the pathogenetic factors were enterotoxlo staphylococo.
This became the subject of a number of publications: Bergdoll (6). Bur-. blanks and associates (9), Feig (13), Koz.ariewa and associates (18). Plisska
(25), Sedlak (28). At the sane time, studies vere made to obtain entero-
toxin in a pure form and its compositions with asino aolds. Hibnick and
Bergdoll (16). who dpsoribed the properties of purifled enterotoxin (mole-
cular weight 24,000 - 3,000), Identified 18 amino acids in its composition.
Studies carried out in subsequent years showed that enterotoxins are non-
homogeneous in torms of their antigeoni property. Casmazm and associates
(10) confirmed the existence of at least two toxic proteins which they des-
ignated as A and B.

Studies of the mechanism of the effects of staph•loooacal enterotoxin
on the organism (Bayrliss [4]. Anderson and associates [l]. Richmond armd
associates C27), Lavergno and associates [19]) encountered difficulties so
far both because of a lack of a preparation which would be sufficient2y pure
as well as because of the shortage of appropriate indices which would provide
information about the distribution of the enterotoxin in the organiLm. Nor
were there az, studios made of the degree to which enterotoxins are absorbed
oray.W, and of the speed and the way In which the ae eliminated from the
organism.

The marking of staphyloooosl. enterotoxin b' radioactive Iodine was
designed to create more favorable oondlitions In the acual research to clarify
the problems under discussion.
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As a tnmp of control* we alsomplred out studies to determine the
Ndistribution and exmretion of human J-albuimin :in rabbits.

L)tErias and Methods

1. Niarking of Stapkylooocoal Noterotomin ty Radioactive Iodine

In order to mark the enterotoxin tr radioactive iodine. we uised
* ~an enterotoxin of the B type which was obtained f rom Dr. Bergdol~l of the

Food Researoh Institute at the Univensit~y of Chicago. The marking of the
* enterotomin kW radioactive Iodine was done by means of a modified msthod of

Meouedis (20, 21):
a) 1.7ng of enterotoxin was dissoljq~in 1lA of glyoolbuffer.

4 ~b) Solution of Isotope: 1 Al of Ma ~Iwith total aotivitry of
650,% C were added to 0.12 al of the carrier (consisting of 100 .1 of a
solution which Included 55 mg of XI and 25ng KIO3) - Then we mized both
solutions and left then at the room temperature for a period of 30 minutes.
and the resulting preparation was subjected to a dialysis In the presence
of 0.1 X of phosphate buffer. The resulting marked enterotoxin had the
following characteristics: characteristic activitjy 60,#c/mg of enterotozin,
activit~y of the solution 59. 091. 200 iep/sin/ml. measrmed by a scintillat-

4zgchamber counter, concentration of protein 1.36 mg/al. the amount of
'IN not combined with the protein was 2%, number of atmos of I corree-

pondiag to a molecule of enterotozin - 1.1.

The marking of staphylococoal entesotouin by radioactive Iodine,Owas done at the Department of Radiobicoly mand Health Protection of the
*&olear Research Institute in Warsaw.

2. Human Albumin ibrked by Radioactive Iodine

Albumin obtained from the Nuclear ftearch Institute at Svierk
was a 5% solution of human albumin marked by I in a physiological solu-
tion at salt. The I sotonic preparation contained 27 ag/mi of albumin. The
content of non-combined iodine was 1.9%.

3. Fleasurement of Distribution of Entesotomin 3hrked by Iodine In

r Staphylooocal enterotzidn siarked by radioactive iodine was ad-
ministered orally or intravenims3y to animls" (always by the vein on the
rim of the earlobe). Then the animals were placed separately in metabolic

*cages which made it possible to collect separately the urine and the oexreta.
After a period of time which was determined for Individual experimental
groups. the rabbits were put to sleep, and samples were taken for studies

*from the following material: bWood, intestines, lungs, kidnrs, spleew,
brain, skin of the thin and large Intestines. The amount of the material
was measured exactly and placed In appropriate containers which were filled
with a 30% solution of h&E to 3 Al fer Purposes at homogemisatiorn. fte
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3activity of ga= radiation of the samples under study was marked bF means of
a set which counted in the scintillating counter for gamasradiation with the
applca-tion of the following: 1) scintillating sound with photodupicoator
RCA 6655, 2) scintillating woe crystal "2z" of the 8DB trpe, 3) electronic
set of the Traoerlab. SC-57 type* 4) electronic computer of the PEL-3 type.

Proaress of Fjmerimeants &ad Results

In each 4,the groups under study we used 6 rabbits whiAh received
staphyloooocal J-enterotoxdn in doses of 13.5-- C/kg. The radioactivity
oftbe organs, blood, urine, and excre"ta-was noted after 6 and 18 hours and
after the 2nd, 4th, 6th, and 8th day after the administration of the labeled
enterotomin.

Distribution and excretion of 131I-labeled stapbyloeooeal enterotoxin
administered orally to rabbits.

Af ter oml administration we found in the blood (1 Al of the mateial
under study) 0.009% of the administered dose after 6 hours. The radioaotiv-
ity of blood oontirmed to increase in the following days, and on the 4th day
of the test it amounted to 0.03% of the administered dose.

The radioactivity of urine amounted to 0.012% of the administered
dose as early as after 6 hours, and after 18 hours it increased to 0.209%.
In the course of the following days we observed a decrease of radioactivity.
and on the 8th day the urine contained 0.014% of the dose.

Kidneys shoved the highest degree of radioactivity after 18 hours.
the lining of stomach showed the naxix= radioactivity in the course of the
first 18 hours (0o065%-o.061% of the administered dose). The thin intestine
shoved a s i.a but lower value after 6 hours from the administration of
staphylocooal lJ-enterotoxin (0.036%). and the same applies to the large
intestine. The degree of radioactivity of the spleen was low (up to 0.007%).
The brain tissue also showed a low value of radioactivity af.ter 6 hours
(0.004% of the administered doe), and It Increased only in the course of
the following days.

The radioactivity of the exoresa on the 2nd day of the study amounted
to 0.162% of the administered dose, and. on the 4th day it increased to 0.219%.
in the course of the following days the radioactivity gradually decreased.

Figue 1. Degree of Jtjýoaotivlty of Material After (Oal Adminis-
tration of I-la&"J;dStaphylocococa IEuterotoxin to
Rabbits. Doses: "•"I=labeled stapbylococoal enterotozin
in doses of 13.5 C/kg administered orally.

!ay, %q- of administered dose. b - D, of administration of
"'I-labeled stapblloooeoal enterotozin. 1 - &reta. 2e.
Large intestine. 3 - Liver. 4 - Small intestine. 5 - Lungs.
6--Kidoa. 7--Stomach. 8.- MBle. 9-Urine. 10-.
Mood. U - rain. 12 - spleui.
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Figure 1 gives a graphic presentation Of the results enetioned above.
he reslt•a are oonqted in pe•eont of the dome.

Distribution and excretion of 13"i-laboled stapb loooocal enterotoxin
administered Intravenously to rabbits.

After intravenous administration of labeled entrotozin, it was found
that blood contained 0.068% of the administered dose after 6 hours. During
the subsequent period the radioaotivity, of the material de•oreased, and on
the 8th d&y it saounted to 0.026% of the adidnistered dose in I al of blood.

The radioactivity of the brain amunted to 0.187% of the administered
doese &a early as afe 6 hoars, end af ter 18 hours it increased to 0.352%.
In the oourts of the following day the raioactivitY Of urine radual de-

geoed. Liver shoved the highest degree of radioaotivity 18 hours after
intravenous administration of labe enterotozin.

Figure 2. Degeeof RSdioat9vity of Material After Intravenous Ad-
*i~tainof -ili Stapkyl@oooool lhterotomin

to RoA .ts DsesI : U-lab"led staph2*ooooml mnterotoxin
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in doses of 13.5 C/kg administered intravenously.
X4: 3T % of administered dose. b - Day of adminisrto of

.I-labeled stapb'lococoil enterotoxin. 1 - Exrete. 2-
Large intestine. 3 -- Liver. 4 - small intestine. 5 -
Lungs. 6 -- Kidno. 7 -Stomach.- 8 -Bile. 9-Urine.
10 - Blood. Li- Brain. 12 - Spleen.

~ -A

Stomach showed a high degree of radioactivity -- 0.077% as early as
after 6 hours, and after 18 hours the radioactivity of the stomach wall in-
creased even higher up to 0.139$. The radioactivity remained within those
limits on the second day of the study. The small and large intestines
showed similar values.

A low degree of radioactivity was found in the spleen. No increase
of radioactivity was observed in the brain tissue. which after 6 hours con-
tained 0.013$ of the administered dose*, and the msamimaa radioactivity oo-
ourred after 18 hours with 0.016% of the dome.
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Radioactivity of the ezreta after 18 hours oontained 0.06% of the
dose, it continued to inorease during the following days. and the maxima
value was reached on the 6th day of the study, nanhey 0.398% of the dose.

The results given above, computed in teams of percent of ft dose,

Ar given in the form of a graphio presentation in figure 2.

Distribution and ezoretion of 3-,abo albumn in kabbits.

Niuman albumin was administered intravenouesy and also in doses of
13,5 C/kg. After administration of the labeled albumin. the raoioaivAiti
of blood amounted to 0.351% of the dose after 18 hours, and In the oourse
of the follwing days it graduall decreased. On the 8th day of the study
the radioaotivity of 1 a3 of blood under study still amounted to 0.1l44i of
the administered does.

Radioaotivity of urine after 18 hours amounted to 0.017%, but on the
following day it increased to as much as 0.197% of the dome and it contined
apprxoimate•y at the same level in the course of the following 2 days.

The radioactivity of the liver reached its maxmium on the 2nd day
of the study.

The degree of radioactivity of the stomach val, small and large
intestines took approximately the same course and showed a relativey low
value.

0 Low aotiviV was also found in the spleen and in the brain tissue.
$areached ~mL~mu radioactivit~y on the 6th day after administration

of I-labeled albumin (0.087% of the administered dose).

A graphic presentation of the above results is given in Figure 3.
vhcbc gives figures computed in percent of the dose.

Figure 3. Degree of Radioact t ofNaterial After Intravenous
Adminis ofon f •-Alb n administered to Rabbits.
Dosms: t"a-lbe.led stapbyloooocal enterotoxin In doses
of 13.5 C/kg administered Intravenously.

Kmr: •. % of administered doe. b - Day of adinistration Of
'•I-aj-b4uan. I - ExMorta. 2 - Large intestine. 3 -

Uiver. • -. ml intestine. 5 - Langs. 6 - Kidnmr.
7--Stomah. 8.- Bil..0 9-Uine. 10.-m ood. 31-U
kin. 12 .- Spleen.
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Discussion

When we use staphylocoacal enterotoxin labeled by radioactive iodine.
we must discuss the influence of iodization on the preservation of biological
characteristics. This problem has not been studied before and can be exin-
mned. only on the basis of literature which dealt with the influence of radio-
active iodine on other bacteria toxins. -Long assumes on the basis of his
studies that toxins marked by radioactive iodine do not change their bio-
logical character, even though they may change physically or ohmeic"~..
iYAusouredis emphasizs. the fact that when we introduce one atom of i
one molecule of diphtherial toxsin and carry out that reaction at PH 7.5, he
did not notice azv loss of toxiait~y and there were no major immunochemioal.
changes of the labeled albuinm. For that reason we should not try to get
labeled preparations with high activit~y of their own~ (Beloher [5]. Qbagas
[11]. Grobsenskly and associates [14]. Danovcemuc [12]).

" "-which was released from alm-dn combinations i- catabolic pro-

cesses was found ezoluaive2y In the form of free Iodine (Baznaby mid associates
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[' 3]. )W~arlane [22]).
In the actual studies the process of iodizing c-1 stapyloooocal entsýr

otoxin was carried out at pH 7.5. On the other hand, the number of atoms of
I which corresponded to the molecule of the enterotoxin was 1.1.

As a result of the above data we can assume that the physial-chemosal
properties of enterotoxin were not subjected to any major changes and the
labeled albumin corresponded to the physiological conditions.

Radioactive iodine is built duin the iodization process into thyrox-
in, whioh is a component of stapbylocoocal enterotoxin (Broda [8], Rapoport

U2i ~rison [l7]).

Studies conoerning the degree of absorption of 1 3I-enterotoxin
through the nuoous membrane of the digestive tract and its distribution in
the rabbits when administered orally shows that its concentration is rela-
tively low in the blood. There was also a low degree of radioactivity in
the lungs, liver, spleen, and brain tissue. On the other hand, a higher de-
gree of radioactivity was found in the stomach ,ll n the walls of the
small and large intestine. This may indicate that "I-enterotoxtn has a
considerable affinity to those tissues. If we use the T test by S"adent, we
find that the difference in the distribution of radioactive combinations in
those organs are statistically significant Ep (tl> to)> 0.01].

Eowetion of staphyloooooal enterotoxin marked by radioactive iodine
Sthrough urine started as early as after 6 hours and reached the maximum de-

gree after 18 hours.

In the case of intravenous administration of 1 3 1 1-enterotoxin to
rabbits, it was found that the blood contained a higher degree of radio-
activity than in the case of oral administration. Increased radioactivity
was also found in the stomach wal and in the walls of the small and large
intestine. Exoretion of marked enterotoxin through the feces started as
early as after the 2nd day.

The mechanism of the effects of stphylococoal enterotoxin on an
organ have not been explained as yet, and the results of the studies are not
almaWs in agreement.

Anderson (1) and Anderson and associates (2) found that isolated seo-
tions of intestines were more oontractable under the Influence of the enter-
otoxin.

Richmwt and associates (27) believe that the Increase of contract-
ability of an isolated Intestine of rabbits under the influonoe of enter*-
toxin may oorrespond to the contraction of Intestines In humans in ocs of
poisoning br enterotoxin.

Laverpne and assoNiates (19) came to the oonolusion oan the basis of
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their studies that pathological phenomena in cases of staphylocoocal food
poisoning do not reflect a direct influence of the enterotoxin oan the diges-
tive tract.

Bayliss (4) and Moser and associates (23) believe that the sudden
vomit:ig during that stage of food poisoning is related to the effects of
the enterotoxin to the vomitive center. That reaction is supposed to be a
reflex.

In the opinion of Bayliss (4),. enterotoxin affects these terminal
cells of the sensory nerves, primarily in the small intestine. The Irri-
tation is supposed to be transferred through the sensory fibers of the poi-
soned nerve to the vomitive center, and then through the mobile fiber of the
sensory system to the muscles of the esophagus, stomach, and diaphragm.

In our own studies we found that there is a low and even degree of
radioactivity of the brain tissue in rabbits which receive labeled entero-
toxin. These results suggest that enterotoxin does not show any tropism to
the brain tissue, even though we cannot exclude the possibility that the
brain tissue is more sensitive even to a low concentration of enterotoxin.
It may be useful to determine the threshold of sensitivity of the brain tissue
to enterotoxin in order to explain this problem more accurately.

Control studies involving intravenous administration of 1311-albuIin
to rabbits have shown that such albumin appears in the blood in a relatively
low concentration. Among the internal organs, the following showed the high-
est radioactivity: kidneys, liver, and lungs. On the other hand, a low de-
gree of radioactivity was found in the walls of stomach, small and large in-
testines, and brain.

As demonstrated by myant and 15sociates (24), Helmkamp and associates
(15) and Birke and associates (7). *I-ga-maglobulin in human beings acts
in a similar way to albumin.

Conclusions

1. 1 3 1 I-labeled staphylococcal enterotoxin administered to rabbits
either orally or intravenously shows an affinity to the wall of stomach,
small and large intestines, as shown by the high degree of radioactivity
of those tissues.

2. Labeled enterotoxin appears in a relatively small concentration
in blood, and it is eliminated from the organism primarily through the ,tine.

3. Studies which have been carried out did not indicate arn increased
.tropism of the enterotoxin to the brain tissue.

4. Control studies involving the use of labeled human albumin in
rabbits showed a high degree of concentration of such albumin in the blood,
lungs, liver, and kidnqes. On the other hand, the tests did not show ar
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increased affinity of 1311-alhbun to the wvans of the stomaoh, ma and

large intestines.
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